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PROBLEM TO BE SOLVED: To enable simple etching with high resolution and accuracy by constituting a mask of one kind of 
Ti, Mg, Al, Ge, Pt, Pd single metals and alloys or compds. essentially comprising one or more of these elements. 
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sharp and accurate etching is possible. The objective material of etching is preferably a magnetic material permalloy or the like. 
When a resist film is used for pattern forming, various kinds of org. polymer films are used. The etching plasma gas is preferably 
a mixture gas of CO and a nitrogen-contg. compd. such as NH3 and amines. 
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PROBLEM TO BE SOLVED: To enable simple etching with high resolution and accuracy by constituting a 
mask of one kind of Ti, Mg, Al, Ge, Pt, Pd single metals and alloys or compds. essentially comprising one or 
more of these elements. 

SOLUTION: Ti, Mg, Al, Ge, Pt, Pd or alloys or compds. essentially comprising these elements hardly react 
with CO-NH3 gas plasma so they are suitable as a mask material. Especially Ti and an alloy or compd. 
essentially comprising Ti are excellent. By using a mask comprising these materials, redeposition of 
contaminant on the objective material for etching is not caused, and sharp and accurate etching is 
possible. The objective material of etching is preferably a magnetic material permalloy or the like. When a 
resist film is used for pattern forming, various kinds of org. polymer films are used. The etching plasma gas 
is preferably a mixture gas of CO and a nitrogen-contg. compd. such as NH3 and amines. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] the mask for reactive ion etching by the plasma — it is ~ titanium, magnesium, aluminum, 
germanium, platinum, palladium, and these each — or the mask for reactive ion etching characterized by 
consisting of at least one sort in the alloy which uses two or more sorts as a principal component, or a 
compound. 

[Claim 2] The mask of claim 1 which is a mask for reactive ion etching by the plasma of the mixed gas of a 
carbon monoxide and a nitrogen-containing compound. 

[Claim 3] The mask of claims 1 or 2 which are the masks for reactive ion etching at the time of etching a 
magnetic material. 

[Claim 4] The mask for reactive ion etching which is a mask for reactive ion etching by the plasma of the mixed 
gas of a carbon monoxide and a nitrogen-containing compound, and is characterized by consisting of alloys 
which use silicon or silicon as a principal component. 

[Claim 5] The mask for reactive ion etching characterized by being a mask for reactive ion etching by the 
plasma of the mixed gas of a carbon monoxide and a nitrogen-containing compound, consisting of compounds 
of silicon, being arranged on the pattern from the resist film, and a lift off considering as a mask. 
[Claim 6] The mask of claims 4 or 5 which are the masks for reactive ion etching at the time of etching a 
magnetic material. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Invention of this application relates to the mask for reactive ion etching. The magnetic 
head by which invention of this application is used for write-in read-out to a magnetic disk in more detail, The 
micro transformer, micro inductor which are included in a magnetic integrated circuit, To a magnetic sensor and 
a pan, a spin dispersion magneto-resistive effect component, a spin bulb component, A ferromagnetic tunnel 
junction component, a spin electric field effect component, spin diode, groups, such as a spin transistor, — the 
quantum effectiveness MAG device and a thin film magnet ~ It is related with the new mask for reactive ion 
etching characterized as a useful dry etching system of a magnetic material etc. to manufacture of the 
component part of very small machines, such as a magnetostriction actuator, etc. 
[0002] 

[Description of the Prior Art] Generally minute semiconductor devices and magnetic cells, such as a VLSI, are 
manufactured combining two processes of a lithography technique and an etching technique. A lithography 
technique is a technique which makes a detailed graphic form to films, such as resist film applied to the front 
face of the quality of a workpiece (the thin film of a semi-conductor, and thin film of the magnetic substance), 
and there are a photolithography technique exposed using ultraviolet rays, an electron-beam-lithography 
technique exposed using an electron ray, and an ionic line lithography technique further exposed using an ionic 
line in this. 

[0003] Moreover, an etching technique is a technique which imprints the resist pattern produced with 
lithography to the semi-conductor thin film and magnetic-substance thin film of the quality of a workpiece, and 
produces a component. There are the wet etching method, the argon ion milling method, and a reactive-ion- 
etching method in an etching technique. In these etching approaches, it can imprint most the pattern produced 
with lithography to accuracy, is most suitable for micro processing, and a reactive-ion-etching method has a 
quick etching speed, and is a most excellent approach. The large-scale integrated circuit of a semi-conductor 
and semiconductor memory are actually made by this approach. 

[0004] By placing a workpiece and adding electric field into the plasma of reactant gas, a reactive-ion-etching 
method is the approach of stripping off the atom of the front face of a workpiece one by one physically in a 
chemical list with the ion which carries out incidence vertically to the front face of a workpiece, and different 
direction-processing which cuts deeply the part which is not covered with a mask vertically along the boundary 
of a mask is possible for it. Therefore, it is the approach of imprinting a detailed sharp configuration. By the 
reactive-ion-etching method, chemical active species, such as ion of the reactant gas which occurred in the 
plasma, and a radical, adsorb on the surface of a workpiece, a chemical reaction is considered as a workpiece, 
and a surface reaction layer with low binding energy is formed first. Then, since the front face of a workpiece is 
exposed to the vertical impact of the cation accelerated by electric field in the plasma, the surface reaction layer 
in which association loosened is stripped off by a sputtering operation of ion or evaporation. Thus, a reactive- 
ion-etching method is a process which a chemical operation and a physical operation take place simultaneously, 
and advances. Therefore, the selectivity of etching only the specific matter is acquired and the anisotropy of 
cutting deeply at right angles to the front face of the quality of a processing object simultaneously is acquired. 
[0005] However, by one side, to a magnetic material, a reactive-ion-etching method effective for a long time is 
not found, but the wet etching method and the argon ion milling method are actually used to a magnetic 
material, and, thereby, the thin film magnetic head, the magnetic sensor, the micro transformer, etc. are 
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manufactured. Such a situation in a magnetic material delayed orientation of high density integration 
remarkably compared with the semi-conductor in the detailed-ized list of the magnetic substance, and had 
become the failure of development. 

[0006] The reason with difficult reactive ion etching to a magnetic material The magnetic material which is 
using the transition-metals element as the principal component Former All the etching gas developed for 
semiconductor materials (For example) [ CF4, CC14, ] [ CC12 ] F2, CC1F3, CBrF3 and C12, C two F6, C three 
F8, and C4 - F10, CHF3, C two H2, SF6, SiF4, BC13, PC13, SiC14, HC1, and CHC1F2 etc., although it reacts in 
a magnetic material and the plasma Since binding energy generated the large matter far as compared with the 
resultant of a semiconductor material, it was hard to receive a spatter operation, therefore etching was not made. 

[0007] Then, efforts to investigate not an analogy but the new reactive-ion-etching reaction from semiconductor 
technology were made, and the approach using the mixed-gas plasma of carbon monoxide (CO) gas and 
ammonia gas (NH3) was invented by the artificer of this invention etc. recently. This approach By the activity 
radical of CO A transition-metals carbo nil ghost (Fe — (— CO — ) — five — nickel — (— CO — ) — four — Co — 
two - (-- CO -) - eight - Mn - two - (-- CO --) - ten - Cr - (-- CO --) - six - V - (-- CO -) - six - Mo - 
(-- CO — ) — six — W — (— CO — ) — 6) is made to generate on the front face of the magnetic material which uses 
as a principal component the transition-metals element which is a workpiece. It is making to strip off and etch 
them according to the evaporation in the inside of a vacuum, or the spatter operation by ion into the principle. A 
transition-metals carbo nil ghost is a compound with the only small binding energy in the inside of transition 
metals. However, CO gas is C02 by disproportion reaction in the plasma. Since C atom which separated reacts 
with a transition-metals element and stable transition-metals carbide is generated, without introduced CO gas 
contributing to a reaction in order to decompose into C, as for an etching reaction, not happening is common. 
NH3 Gas shows the property to delay the above-mentioned disproportion reaction, under existence of a 
transition-metals element, and is CO gas and NH3. The target reactive ion etching advances in the plasma of the 
gas which carried out equivalent mixing of the gas mostly. 

[0008] By the approach based on this principle, implementation of reactive ion etching, such as a permalloy 
(Fe-nickel alloy) of a magnetic material, a Co-Cr alloy, and Fe, is checked. Thus, Si02 formed by the sputtering 
method in the former as mask matter which cannot undergo this etching reaction easily for etching by the CO- 
NH3 mixed-gas plasma although the outstanding reactive-ion-etching method for a magnetic material is found 
out and future technical development is just going to be expected By having used the film, the problem that that 
process tolerance and productivity had constraint was left behind. 

[0009] If this conventional process is illustrated, it will become as drawing 2 . As the gestalt of a start is shown 
in drawing 2 (a), on a suitable substrates ingredient, such as Corning 7059 glass substrate (1) The magnetic 
alloy of the quality of a processing object, for example, a permalloy etc., (nickel-Fe alloy) (2) is formed by the 
sputtering method. For example, the amorphous carbon film (4) of an electrical conducting material is formed 
for the quartz (Si02) thin film (3) used as a mask ingredient on it by the sputtering method on it, respectively, 
and the resist (5) of an electron ray film is further applied with a spin coat method etc. Here, the amorphous 
carbon film (4) is a conductive layer required since the quality of an object is not charged in case electron beam 
lithography is carried out, and this is Si02. It is the film which is needed since (3) is an insulator. As shown in 
drawing 2 (b), a desired graphic form is formed in a resist by electron beam lithography and the development. 
An amorphous carbon layer is etched by using a resist graphic form as a mask by oxygen ion etching after that, 
and it is Si02. The film is exposed in accordance with a graphic form ( drawing 2 (c)). Next the plasma of for 
example, 4 fluoride [ carbon ] (CF4) gas is used, and it is Si02. It etches and is the graphic form Si02 It 
imprints on the film. CF4 Ion etching is Si02. Since it is effective, change is not given to the permalloy of the 
quality of a processing object made into the object ( drawing 2 (d)). Si02 obtained as mentioned above CO- 
NH3 which used the graphic form as the mask and described it previously By the reactive-ion-etching method 
using the mixed-gas plasma, it is Si02. The imprinted graphic form is imprinted to a permalloy. The resist film 
and the amorphous carbon film are also simultaneously removed by etching in this process, and it is Si02. An 
imprint is completed in the form which remains on the graphic form of a permalloy ( drawing 2 (e)). Micro 
processing by reactive ion etching, such as a permalloy (Fe-nickel alloy) of the magnetic material by this 
approach, a Co-Cr alloy, and Fe, is performed until now. 

[0010] However, it not only has the trouble that the above process is complicated and productivity is bad, but 
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since an imprint was performed twice, it had the trouble that a high precision of an imprint graphic form was 

not acquired. This approach is an approach of leaving eventually the graphic form corresponding to the part 

which was not exposed with an electron ray, and gives the graphic form which reversed the graphic form 

exposed with the electron ray as a result, i.e., a negative graphic form. However, in the process which produces 

the complicated detailed structure of the magnetic substance, to acquire the graphic form (positive graphic 

form) corresponding to the part which carried out electron beam lithography is also needed. 

[001 1] Invention of this application aims at offering the process technique using the new mask ingredient and 

this new which are made as what solves such a problem of the conventional technique, make etching possible in 

simple and high resolving power and a high precision, and make it possible to produce a positive graphic form 

simultaneously. 

[0012] 

[Means for Solving the Problem] the mask for reactive ion etching according to the plasma as that to which 
invention of this application solves the above-mentioned technical problem — it is — titanium, magnesium, 
aluminum, germanium, platinum, palladium, and these each — or the mask for reactive ion etching (claim 1) 
characterized by consisting of at least one sort in the alloy which uses two or more sorts as a principal 
component, or a compound is offered. 

[0013] Moreover, it also offers this invention that it is a mask for reactive ion etching at the time of etching that 
it is a mask for reactive ion etching by the plasma of the mixed gas of a carbon monoxide and a nitrogen- 
containing compound (claim 2) and a magnetic material about the above-mentioned mask (claim 3). Invention 
of this application is a mask for reactive ion etching by the plasma of the mixed gas of a carbon monoxide and a 
nitrogen-containing compound further again. The mask for reactive ion etching characterized by consisting of 
alloys which use silicon or silicon as a principal component (claim 4), It is a mask for reactive ion etching by 
the plasma of the mixed gas of a carbon monoxide and a nitrogen-containing compound similarly. The mask for 
reactive ion etching characterized by consisting of compounds of silicon, being arranged on the pattern from the 
resist film, and a lift off considering as a mask (claim 5), Considering as the mask for reactive ion etching at the 
time of etching a magnetic material (claim 6) also provides a list with these. 
[0014] 

[Embodiment of the Invention] The mask matter conventionally used mainly by semiconductor technology is 
the resist itself which is polymeric materials. However, various kinds of giant-molecule resists are CO-NH3. 
Consumption does not play a role of a mask greatly in the gas plasma. A compound is CO-NH3 to the alloy list 
which makes a principal component metallic elements, such as Cr, W, Mo, Mn, Nb, Ta, Fe, Ru, Os, Co, Rh, Ir, 
nickel, Cu, Ag, Au, Ga, In, and Sn, and them. It reacts with the gas plasma and these selves are etched by 
sputtering operation, and since it exhausts, as a mask ingredient, it is not suitable. Moreover, vacuum-proof 
nature is bad and the alloy or compound which makes Zn, Cd, Pb, or them a principal component is not suitable 
as a mask ingredient. On the other hand, the alloy or compound which makes Pd and them a principal 
component at Ti, Mg, aluminum, Si, germanium, Pt, and a list is CO-NH3. It was hard to react with the gas 
plasma, and it became clear that it is suitable as a mask ingredient as a result of the experiment. In them, the 
most desirable matter was the alloy or compound which uses Ti and Ti as a principal component from the 
business of chemical stability, the precision of crystal grain, the difficulty of the ability to do of a pinhole, etc. 
[0015] so, at least one sort of the alloy which uses Ti, Mg, aluminum, germanium, Pt, Pd and those each, or two 
sorts or more as a principal component as aforementioned, or its compound constitutes a mask from this 
invention. That is, Ti, Mg, aluminum and germanium, and Pt, the simple substance metal of Pd, Ti alloy, Mg 
alloy, aluminum alloy, germanium alloy, Pt alloy, Pd alloy, a Ti-Mg alloy, A Ti-aluminum alloy, a Ti- 
germanium alloy, a Ti-Pt alloy, a Ti-Pd alloy, A Mg-aluminum alloy, a Mg-germanium alloy, a Mg-Pt alloy, a 
Mg-Pd alloy, An aluminum-germanium alloy, an aluminum-Pt alloy, an aluminum-Pd alloy, a germanium-Pt 
alloy, A germanium-Pd alloy, a Ti-Mg-aluminum alloy, a Ti-aluminum-germanium alloy, a Ti-Mg-germanium 
alloy, At least one sort in a Ti-Mg-Pt alloy, a Ti-aluminum-Pd alloy, a Mg-aluminum-germanium alloy, Ti02, 
MgF2, aluminum 203, TiN, A1N, MgN and Ge02, PdO, etc. constitutes a mask. The convention with "at least 
one sort" in this case means that the whole mask may be constituted by only one only of sorts of these, and the 
surface layer which has exposed the mask further by that partial compound or its laminating may be constituted 
by two or more sorts. 

[0016] and the alloy which uses silicon or silicon as a principal component by this invention again — further — 
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Si02 and Si3 N4 etc. — a compound can also be used as a mask. About the alloy of silicon, considering as 
combination with Ti, Mg, aforementioned aluminum, aforementioned germanium, etc. is illustrated as a 
desirable thing. For example, a Ti-Si alloy, a Si-aluminum alloy, a Si-germanium alloy, a Si-Pt alloy, a Si-Pd 
alloy, a Ti-Si-aluminum alloy, a Ti-Mg-Si alloy, an aluminum-Mg-Si alloy, etc. will be illustrated. 
[0017] Si02 Although the activity as a mask is considered until now if it attaches, it is the approach of a two- 
step imprint until now. On the other hand, in this invention, it is used as a new mask by the lift off. These masks 
can be formed with various means, such as vacuum deposition, sputtering and ion plating, and ion beam 
vacuum evaporationo. 

[0018] About the mask of this invention, if it illustrates as a process of micro processing, it will become as 
drawing 1 . The magnetic thin film (2) whose departure of a micro-processing process is an object for 
processing is formed on suitable substrate ingredients (1), such as Corning 7059 glass, and forms the resist film 
(5) with a spin coat method on it as shown in drawing 1 (a). Electron beam lithography of this multilayer is 
carried out, it is developed, and a desired pattern (6) is formed in the resist film (5) ( drawing 1 (b)). Then, 
vacuum deposition of the mask matter (7), for example, Ti, is carried out, the lift-off method, i.e., a giant- 
molecule resist, is dissolved, and Ti mask (8) is formed ( drawing 1 (d)). Next, it is CO-NH3. A pattern is 
formed in a magnetic-substance thin film by removing only the part which is not covered with Ti mask of the 
thin film of the magnetic substance by the reactive-ion-etching method by the mixed-gas plasma ( drawing 1 
(e)). The magnetic substance (9) which performed micro processing is obtained. In addition, it is CC14 when 
you want to remove Ti mask in this process, since the mask of Ti remains while not having been removed by it. 
Ti mask which remained is removed by the reactive-ion-etching method of the conventional method using the 
gas plasma ( drawing 1 (f)). 

[0019] By this invention, the reattachment of a contaminant to the quality of an etching object is accepted by 
neither of the cases, but etching of a sharp exact configuration of it is attained at them, in addition, the magnetic 
material which this invention makes the magnetic material as above typical about the target quality of an 
etching substance, and begins a permalloy and uses transition metals as a principal component about this 
magnetic material, for example, Fe, nickel, and Co, a Co-Cr alloy, the Sendust alloy, Mo, and rare earth — it is 
easy to be the alloy of these elements, and various kinds of things of a compound. 

[0020] Moreover, when using the resist film for mask pattern formation, various kinds of things of the organic 

polymer film by the same exposure phenomenon as usual are used. Of course, you may be direct mask 

formation. The gas for plasma for etching is CO gas and NH3 as mentioned above, when targetting a magnetic 

material. Or the case of the nitrogen-containing compound gas of amines is used suitably. 

[0021] Hereafter, an example is shown and it explains in more detail. 

[0022] 

[Example] 

The reactive ion etching system was used according to the process shown in example 1 (Ti mask) drawing 1 . 
On the pattern (6) which formed Fe thin film with a thickness [ as a magnetic material thin film (2) ] of 450nm 
by the sputtering method on the Coming 7059 glass substrate (1), and was formed in the front face from the 
resist film (5) by electron-beam lithography and the lift-off method as a sample of etching, Ti was used as a 
mask ingredient (7), and Ti pad of minute a large number was formed, and it used as a mask (8). It placed on the 
lower electrode which carries out the seal of approval of the 13.56MHz RF which gave water cooling for the 
sample, and distance of an RF electrode, it, and the earth electrode that countered was set to 35mm. CO gas and 
NH3 Supplying gas to a reaction container by the flow rate of 6.3 cc/min and 6.8 cc/min, respectively, it 
exhausted with the turbo molecular pump and the interior was held to the pressure of 5.7xl0-3Torr. They are 
3.7 W/cm2 per electrode unit area to the lower electrode holding a sample. The seal of approval of the RF is 
carried out, and it is CO-NH3. The glow discharge plasma of mixed gas was generated and reactive ion etching 
was performed. Etching time was set as for 4.0 minutes. After the etching reaction, the level difference 
produced between the part covered with Ti pad used as a mask (8) and the part which is not covered was 
repeated, it measured with the reflective interferometer, and the amount of etching per unit time amount was 
calculated. Moreover, the configuration produced by etching was observed with the electron microscope, and 
etching was evaluated paying attention to the existence of the smooth nature of a level difference, sharpness and 
a contaminant, or the reattachment matter. Fe thin film by which patterning was carried out as the magnetic 
substance (9) which carried out micro processing was obtained. Consequently, the etching speed to Fe thin film 
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was 90 nm/min. Moreover, by the sharpness which is about 0.1 micrometers, radius of curvature was able to 
produce the configuration with a depth of 400nm. 

[0023] When drawing 3 (a), (b), and (c) consider as Ti mask (a) Fe thin film (b) Co-9.8%Cr thin film (c) It is 
the electron microscope photograph which illustrated the result of etching of a nickel-20%Fe thin film, and it 
turns out that the outstanding process tolerance is acquired. 

On the same conditions as example 2 (aluminum mask) example 1 , vacuum deposition of the aluminum was 
carried out, aluminum mask was produced by the lift-off method, and reactive ion etching of a nickel-Fe20%Fe 
alloy was possible. The speed of etching was 1 20 nm/min and the configuration of etching was good similarly. 
On the same conditions as example 3 (Si mask) example 1 , vacuum deposition of the Si was carried out, Si 
mask was produced by the lift-off method, and reactive ion etching of a Co-9.8%Cr alloy was possible. The 
speed of etching was 140 nm/min and the configuration of etching was good similarly. 

On the same conditions as example 3 (germanium mask) example 1 , vacuum deposition of the germanium was 
carried out, germanium mask was produced by the lift-off method, and reactive ion etching of a Co-9.8%Cr 
alloy was possible. The speed of etching was 140 nm/min and the configuration of etching was good similarly. 
[0024] 

[Effect of the Invention] CO-NH3 for a magnetic alloy by using the reactive ion etching system of this 
invention Reactive ion etching using the mixed-gas plasma becomes more effective compared with the case 
where a conventional-type reactive ion etching system is used. That is, under the same etching conditions, the 
etching speed to a magnetic alloy increases about 4 times, and contributes to improvement in working 
efficiency. Moreover, the reattachment of the matter which the quality of an etching object is not polluted in an 
etching process, and was removed by etching can also be made few to extent which does not become a problem. 
According to the above operation effectiveness, manufacture of the detailed magnetic head for magnetic 
recording, a micro transformer, a micro magnetic cell, a magnetic sensor, a magneto-resistive effect component, 
spin diode and a spin transistor, a spin bulb component, spin bulb MAG memory, a tunnel magneto-resistive 
effect component, etc. is attained. Moreover, manufacture of the PATANDO magnetic-recording medium of a 
future high density magnetic-recording medium etc. is attained. 
<BR> 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 




[Drawing 2] 
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[Drawing 3] 
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(c) 



[Translation done.] 
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